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(54) Apparatus and methods for completing a weHbora 


(57) Apparatus and methods (or completing a weD- 
bore are disclosed. Certain of the apparatua and meth- 
cos use a first packing assembly (202), a second pack- 
ing assembly (204). and a pressunzatbn assembly 
(206) disposed between the first and second packing 
assemblies to ptestfcafly deform a Bner (122) ri a raolaily 
outward direction via hydraulic pressure Ancxtmr meth- 
od uses a Bner (602) having a first section (604) and a 
second section (606). and a packing assembly (GOO). 
The w)dion (604) is delormabte in a raduitty oUward 
direction at a tower pressure than the second section 
(606). The packing assembly (600) is used to plastically 
deform (he first section (604) of the liner (602) in a radi- 
ally outward direction via hydraulic pressure. 
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Description 

[0001] The present invention pertains to tho comple- 
tion ot weltoores. and. more particularly, but not by way 
of limitation, to improved apparatus and methods for s 
completing lateral welbores in multilateral wells. 
[0002] Horizontal woil drilling and produclion havo bo- 
come increasingly important to the oB industry in recent 
years. While horizontal wefls have been known lor many 
years, only relatively recently have such weOs been de- 
termined to be a cost -elective alternative to convention- 
al vertical well dnlfing. Arthoogh drintng a horizontal weD 
usually costs more than fts vertical counterpart, a hori- 
zontal weA freqiientty niprcvw 
rive, ten, or even twenty h naturaDy-fractured reser- 
voirs. Generally, projected productivity from a horizontal 
weftmre must triple that of a vertical weabore tor horl- 
zontaJ drilling to be economical. This increased proouc- 
tion minimizes the number of ptefforms. eutthg Invest- 
ment and operation costs. Horizontal drflfing makes 
reservoirs in urban areas, permafrost zones, and deep 
offshore waters more accessible. Other applications for 
horizontal welbores include periphery weBs. thin reser- 
voirs tret would require too many vertical weltoores, and 
reservoirs with coning problems In which a horizontal 
weflbore lowers the drawdown per loot of reservoir ex- 
posed to slow down coning problems. 
[0003] Some welbores contain multiple weltoores ex- 
tending laterally from the main wetlbore. These addition- 
al lateral wellbores are sometimes referred to as drairv- 
hotes, and main wefflxxes containing more than one lat- 
eral wet bore are referred to as multilateral wells. Multi- 
lateral welts aaow an increase in the amount and rate of 
production by increasing the surface area of the well- 
bore in contact with the reservoir. Thus, muttiateral 
wens are becoming hcrsasinoJy important, both from 
the standpoint of new driving operations and from the 
reworking of existing wellbores. including remedial and 
stimulation work 

[0004] As a result o< the foregoing increased depend- 
ence on and importance of horizontal wells, horizontal 
wen completion, and particularly multilateral weB com- 
pletion, have been important concerns and continue to 
provide a host of dfftcuft problems to overcome. Lateral 
completion, particularly at the junction between the main 
and lateral weBboree, is extremely irnportant to avoid 
collapse of the weDbore in unconeofidated or weakly 
consolidated formations. Thus, open hole completions 
are limfted to competent rock formations; and, even 
then, open hole completions are inadequate since there 
is limited control or ability to access (or reenter the lat- 
eral) or to isolate production zones within the welbore. 
Coupled with this need to complete lateral welbores is 
the growing desire to maintain the lateral welbore size 
as dose as possble to the size of the primary vertical 
weDbore for ease of drtKng. completion, and future 
workover. 

[0005] The problem of lateral wellborn (and particu- 


larly multilateral wetlbore) completion has been recog- 
nized for many years, as reflected in the patent litera- 
ture. For example. U.S. Patent No. 4,807,704 rJsctoses 
a system for completing multiple lateral welbores using 
a dual packer and a deflective guide member. U.S. Pat- 
ent No. 2,797.893 discloses a method tor completing lat- 
eral weRs using a Rexble finer and deflecting toot. U.S. 
Patent No 2.397.070 similarly describes lateral wea- 
bore completion using flexible casing together with a 
closure shield tor dosing off the lateral In U.S. Patent 
No. 2,858,107. a removable whpstock assembly pro- 
vides a means for locating (e.g. accessing) a lateral sub- 
sequent to completion thereof. U.S. Patent Nos. 
4.396,075; 4.4 1 5.205; 4.444J27S; and 4.573.541 an re- 
fate generaty to methods and devices for multilateral 
ccftspteticfwusingatempiato 
patents of general Interest in tie field of horizontal wed 
completion tociude U.S. Patent Nos, 2.452,920 and 
4,402,551. 

[0006] More recently, U.S. Patent Noe 5.318.122; 
5,353,876; 5.388,648; and 5,520.252 have dtectosed 
methods and apparatus tor seafing the juncture be- 
tween a vertical wed and one or more horizontal weRs. 
In addition, U.S. Patent No. 5,564.503 discloses several 
methods and systems for drilling and completing multi- 
lateral wells. Furthermore, U.S. Patent Noe. 5.566,763 
and 5,613.559 both disclose decentralizing, centraliz- 
ing, locating, and orienting apparatus and methods for 
multilateral weO driling and completion. 
[0007] Notwithstanding the above-described efforts 
toward obtaining cost-effective and workable lateral won 
drflSng and completions, a need still exists lor improved 
apparatus and methods for completing tat oral wen- 
bores. Toward this end. there also remains a need to 
increase the economy in lateral wenbore comptetiona. 
such as, for example, by minimizing the number of 
downhote trps necessary to dria and complete a lateral 
welbore. 

(0008) The invention relates to apparatus and meth- 
ods tor completing a weflbore. In one prefened embod- 
iment the apparatus and methods use a first packing as- 
sembly, a second packing assembly, and a pressuriza- 
tion assembly c&sposed between the first and second 
packing assemblies to plastically deform a Iner in a ra- 
dially outward direction via hydraulic pressure. Another 
pref erred embodiment uses a Iner having a fast section 
and a second g action , and a packing assembly The first 
section is detormable in a racftafly outward ejection at 
a tower pressure than the second section. The packing 
assembly is used to plasticaOy deform the first section 
of the liner h a radially outward direction vta hydraulic 
pressure. 

[0009) One aspect ol tho present invention comprises 
a completion apparatus for coupling to a work string and 
for use within a liner of a welbore. The completion ap- 
paratus Includes a first packing assembly for creating a 
fluid tight seal against e liner in a weDbore; e seoond 
pactong assembly for creating a second fluid tight seal 
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against the Sner; and a pressurization assembly dis- 
posed between the first and second pecking assem- 
blies. 

[0010] In another aspect, the present Invention com- 
prises a method of completing a welbore. A liner Is dis- s 
posed in a weDbore. A first packing assembly, a ores* 
surization assembly, and a second packing assembly 
axe coupled to a work string. The work string is run into 
the fret A fluid tight seal Is created between the first 
packing assembly and the finer, and a fluid tight seal is io 
created between the second packing assembly and the 
Iner. Fluid is pumped down the work string to the pres- 
surizatton assembly. The pressurization assembly and 
Quid are utiized to pressurize an annutus defined by the 
pressunzation assembly, the Brier, the first packing as- i* 
aembty. and the second packing assembly. The pres- 
sure in fheerxudusb hcreeaed so as to dexxm to 
In a raOKily outward Direction. 
[0011] In a further aspect, the present invention com- 
poses a method of compJeUng a wenbore. A mar is pro- » 
vkted having a first section and a second section The 
first section is deforrnable in a racfiaDy outward direction 
at a lower pressure than the second section. The finer 
is disposed in a welbore. A packing assembly » coupled 
to a work string, and the work string *» run Into the Oner. ** 
A fluid tight seal is created between the packing assem- 
bly and the Kner. Fluid is pumped down the work string 
to pressurize an interior of the liner after the packing as- 
sernbry. The pressure in the Interior of the Bner is in- 
creased so as to deform the first section of the liner in *> 
a radially outward direction. 
[0012] Reference is now made to the accompanying 
drawings, in which: 

FIG.t is a schematic, cfose-eecfjcnal viewof a por- as 
ton of a mulOateraJ wet) inducing a junction be- 
tween the main welbore and a lateral weHbore; 
FIG. 2 is a schematic, cross-sectional view of FIG. 
1 showing a portion of the sealing operation per- 
formed during completion of the lateral welbore; «> 
FIG. 3 is an enlarged, schematic cross-sect tonal, 
fragmentary view of the junction of FIG. 1 showing 
a schematic view of a first ernbotfment of an appa- 
ratus tor completing the junction according to the 
present invention: 45 
FIG. 4 is an enlarged, schematic, cross-sectional 
view of a first embodiment of a packing assembly 
of the completion apparatus of FIG. 3; 
FIG. 5 is an enlarged, schematic, crces-eectional 
view of a second embodiment of a packing assem- so 
Wy of the cornpletion apparatus of FIG. 3; 
RG. 6 is an enlarged, schematic, cross-sectional 
view of a pressurization assembly of the completion 
apparatus of FIG. 3c 

FIG. 7 is an enlarged, schematic, top sectional view ss 
of an alternative embodiment of a lateral finer used 
in connection with the present invention; 
FIG. 8 is an enlarged, schematic, cross-sectional. 


fragmentary view of the junction of FIG. 1 showing 
a schematic view of a second embc<fiment of a 
packing assembly and a Oner for completing the 
junction according to the present invention; 
FIG. 9 A is an enlarged, schematic, cross-sectional, 
fragmentary view a first embodiment of the Bner of 
FIG. 8; 

FIG. 96 is an enlarged, schematic. croee-eectionaJ, » 
fragmentary view of a second embodiment of the 
Oner of FIG. B; and 

FIG. 10 is an enlarged, schematic top sectional 
view of a second at amative embodiment of a lateral 
Oner used in connection with the present invention, 

[0019] The prefened embocSments of the present in- 
vention and their aovantages are best understood by re- 
ferring to FIGS. 1-10 of the drawings. Eke rwrnerais be- 
ing used for Ifce and corresponding parts of the various 
drawings. In accordance with the present imremion, var- 
ious apparatus btk* rnethocb t» 
bores in a muKNateral wefl are described. It wfll be ap- 
preciated that the terms •main* or "primary* as used 
herein refer to a main well or wettbore, whether the main 
well or wetfcore is substantially vertical, substantially 
horizontal, or in between. It wiO also be appreciated that 
the term lateral* as used herein refers to a deviation 
well or weitbore from the main well or welbore. or an- 
other lateral well or weDbore. whether the deviation Is 
substantially vertical, substantially horizontal, or in be- 
tween. It win further be appreciated that the term "verti- 
cal* as used herein refers to a substantially vertical well 
or welbore. and that the term *hortzontar as used here- 
n refers to a subetantiaOy horizontal wefl or welbore. 
(00141 In th« overall process of drilling and competing 
a iateral weOxxe in a multilateral wefl. tho tottowing gen- 
eral steps are performed. First, the main wefibore is 
drilled, and the main wettbore casing Is installed and ce- 
mented into place. Once the desired location tor a junc- 
tion is identified, a window is then created in the main 
welbore casing using an orientation device, a muttftat- 
eral packer, a hollow whips took, and a series of mills. 
Next, the lateral welbore ie drifted, and a finer is dis- 
posed h the lateral welbore and cemented Into place. 
A mil is then used to drill through any cement plug at 
the top of the hoOow whipstock and any portion of the 
lateral welbore Oner extending into the main welbore to 
reestablish a fluid communicating bore through the main 
welbore. Finally, in some lateral weffixxes. a window 
bushing is disposed within the main wefibore casing, the 
hoOow whipstock, and the murtaateral packet The win- 
dow bushing facilitates the navigation of cVwnhole tools 
through the junction between the mari weUbore and Ih8 
lateral welbore. 

[0015] The present invention is related to a portion of 
the above-ctescrlbed process. narT^ the completion of 
the junction between the main welbore and a lateral 
welbore. However, as described above, certain other 
steps are performed before such a junction may be com- 
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pleted. Referring now to FIG. 1. an exemplary junction 
1 00 between a main wellbore 102 and a lateral welbore 
104 k illustrated. Main welfoore 102 is drifted using con- 
ventional techniques. A main weUbore casing 106 a in- 
stalled h main weUbore 102. and cement 108 is dis- 
posed between main woflbore 102 and main weDbore 
casing 106. using conventional techniques. 
[0016] A shearabteworli suing having a winctowbushr- 
ing locating profile 110. an orientatlcrinipplB 112. a mul- 
tilateral packer assembly 114, a hollow whjpstock 118. 
and a starter mtB pilot lug (not shown) is run hto main 
wefibore casing 106. Certain portions of such a work 
string are more fully disclosed in U.S. Patent Nos. 
5,613,559; 5,566.763; and 5,501.281. The work string 
is located at the proper depth aridofientationwthhmain 
weBbore casing 106 using conventional pipe tally and/ 
or gamma ray survey* tor depth and measurement whfle 
dritttg (MWD) orientation for azimuth. Packer assembly 
114 is set against main weJbore casing 106 using s^ps. 
pocking oiomonts, and convontionaJ hydraulic, mechan- 
ical or hydraulic and mochanicaJ sotting tochniques. 
[0017] Using techniques more completely Described 
in the above-referenced U.S. Patent Nos. 5,613,559; 
5,566.763; and 5,501.281. whlpstock 118 is used to 
guide work strings supporting a variety of tools and 
equipment to drill and complete lateral wen bore 104. 
First, a series of mills, such as a starter mBl. a window 
mat and a watermelon m8l are used to create a window 
120 in main welbore casing 106. Next, a drilling motor 
Is used to dril lateral welbore 104 Irom window 120. A 
lateral wefcore finer 1 22 is then disposed within lateral 
weBbore 104, and sealant 124 is disposed between lat- 
eral wefibore 104 and iner 122. 
[0018) More specafcaUy regarding the steps of de- 
posing and sealing iner 122, liner 122 preferably has a 
goneraJVcyfindrirjaJm^ cylindri- 
cal external surface. Liner 1 22 is preferably made from 
steel. steelaDoys. ptastk:.c)rc<hermal8rial3CC*Tventk3n- 
alry used tor lateral liners. A work string 128 having a 
I ner hanger 1 30 . wiper plugs 1 32 and 1 33. and Iner 1 22 
is run down main wellborn casing 106 untl liner 122 is 
deflected by bo8ow whipstock 1 1 8. This ejection caus- 
es finer 122 to be disposed in lateral wenbore 104 and 
Junction 100. Liner hanger 130 and wiper plugs 132 and 
133 remain disposed above window 120. Uner hanger 
130 is then set against main weDbore casing 106 using 
. conventional techniques. 
(0019] Referring to FIGS. 1 and 2. cementing of lateral 
wefibore 104 may be accomplished by either one or two- 
stage cementing depending on the length of weJIbore 
104. Typically, the length of lateral weUbore 104 Is such 
that two stage cementing is preferred. In a two-stage 
cementing operation, finer 122 is equipped win a stage 
cementing tool 138. Stage cementing tool 136 is inrfafly 
in a first position that allows fluid corrrmunication within 
Iner 122 past tool 138. bul does not allow nu« commu- 
nication from liner 122 into the annutus between liner 
122 and lateral wet bore 104. A first stage of cement 


124a is pumped down drffl string 128 and out a tower 
end 136 of 1^ 12ZFin^ stage c^ cement 124a Is pref- 
erabry a conventional center* or convertkxial haiofcna- 
bte resK Next, a conventional wiper dart (not shown) is 
5 pumped down drill string 128 to fend at wiper plugs 132 
and 133. After tending. appOed pressure releases wiper 
plug 1 32 and allows it to be pumped down to, and seal 
off. tower end 1 36 of liner 122. This displacement of wip- 
er plug 132 causes first stage of cement 124a to flow 
to throughout the anmihts between iner 122 end lateral 
welbore 104 up to stage cementing tool 138. An in- 
crease in pressure may be observed top hole by con- 
ventional pressure measuring devicos upon the tending 
of wiper plug 132 in tower end 136. 
is [0Q20) Continued application of pressure moves 
staQ^comentingtooi 138 toaseccoJ pewtien r^at pre- 
vents fhiM communication w*h^ 
meriting toot 1 38, but alows fluid corwnunication from 
Sner 122 hto the annurua between Iner 122 and lateral 
welbore 104. A second stage of sealant 124b is then 
pumped down dnH string 128 and into liner 122. Next, a 
second wiper dart (not shown) Is pumped down drill 
string 128 to land at wiper plug 13a After tending, ap- 
plied pressure releases wiper plug 133 and allows It to 
be pumped down to. and seal off. liner 122 at stage ce- 
menting tool 138. "This displacement of wper plug 133 
causes second stage of sealant 124b to flow through 
stage cementing tool 1 38 and Into the annutus between 
lateral weDbore 1 04, main weUbore casing 106, and liner 
122uptoatopportion134offiner122,poeaionings^ 
ant 124b throughout junction 1 00. Once wiper ptug 133 
lands at stage cementing tool 1 38, continued application 
of pressure moves stage cementing tool 138 to a third 
position, preventing further circulation or backflow of 
sealant 124b. 

[0021] Sealant 124b is preferably a specialized mul- 
tilateral Junction cementrttous sealant, or a specialized 
multilateral junction elastomeric sealant A preferred ax- 
ample cf such a cementitious sealant is M-SEAL0 sold 
by Haflburton Energy Services of Cexrotton. Texas. 
Such cementitious sealants are characterized by rela- 
tively low ductility and high compressivs strength, as 
compared to such elastomeric sealants. A preferred ex- 
ample of such an elastomeric sealant is FLEX-CEM6 
sold by HaSburton Energy Services of CarroOton, Tex- 
as. Such elastomeric sealants are characterized by rel- 
atively high ducUity and tow compressive strength, as 
compared to such cementitious sealants. Alternatively, 
conventional cement or a convertionai hardenable rash 
may be used as second stage sealant 124b. 
[0022] Referring now to FIG. a an enlarged, schemat- 
ic, cross-sectional viow of a completion apparatus 200 
according to a first, pre! erred embodiment of the present 
invention is shown disposed within junction 100. Com- 
pletion apparatus 200 preferably comprises a hollow 
mandrel having a tower packing rissemWy 202. an upper 
packing assembly 204. and a pressurization assembly 
206. Completion apparatus 200 is preferably coupled to 
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work string 1 28 above a supporting mandrel 1 40 tor Wip- 
er plugs 1 32 and 1 33. end lower pecking assembly 202. 
upper packing assembly 204. and pressurizatton as- 
sembfy 206 ere preferably coupled to each other by tool 
Joints or other conventional means (not shown). Al- 
though not shown in FIGS. 1 and 2 kx cfartty of tBuatra- 
tion, liner 1 22 is preferably formed with a no-go shoukler 
142 and an annular polished bore receptacle 144 below 
no-op shoulder 142. 

[0023) As shown in FIGS. 3 and 4, lower packing as- 
sembly 202 preferably includes a seal assembly 205. 
and a no-go sleeve 207 for mating wth rx>oo shoulder 
1 42 of lineM 22. Seal as&oonbty 205 preferably compris- 
es a ptumSty of annutei scaling elements 206, «uch a* 
conventtonalo-fings or packing devices, and an annular 
spacer member 210. both of wNch are disposed within 
an enmrtar races* 212 on the external turfsce of tower 
packing assembly 202. Seeing elements 208 tricttonafiy 
engags pofished bore receptacle 1 44. which is located 
on the inner diameter of finer 122 and generally sur- 
rounds annular recess 212. Polished bore receptacle 
144 cooperates with annular sealng* elements 208 to 
create a fluid-tight seal 

[0024] Alternatively, as shown in FIGS. 3 end 5. tower 
packing assembly 202 may comprise a conventional 
packer 220 having sips 222, packing elements 224. and 
actuating means 226. Packer 220 may be hvdrauficaBy. 
mechanically, or hydraulicalty and mechantoaly set via 
actuatbg means 226 so that packing elements 224 cre- 
ate e fluid tic/tf seal against liner 122. As shown in FIG. 
5. when conventional packer 220 is used lor lower pack- 
tog assembly 202. iner 122 may be formed without no- 
go shoulder 142, I desired. 

[0026) Upper packing assembly 204 preferably has a 
substantially similar structure lo tower packing assem- 
bly 202. If seat assembly 205 Is utifized tor lower packing 
assembly 202. upper packing assembly 204 preferably 
utilizes a simitar seal assembly that mates wtth a pol- 
ished bore receptacle located on the inner cSameter of 
Iner 122 below iner hanger 130. If packer 220 is used 
tor tower packing assembly 202. upper packing assem- 
bly 204 preferably utffizes a similar packer designed to 
operate wflhin the inner diameter of finer 122 proximate 
liner hanger 1 30. However, as shown in FIG. 3, upper 
pecking assembly 204 does not require a no-go sleeve. 
[0026] Referring now to FIGS. 3 and 6. en enlarged, 
schematic aoss-eecttonal view of pressurizatton as- 
sembly 206 is illustrated. Pressurization assembly 206 
preferably comprises an a tower sub 250. an upper sub 
252 removably coupled to tower sub 250. and a seaKng 
sub 254 disposed within tower sub 250. 
[0027] Lower sub 250 preferably includes internally 
threaded ports 256a and 256b thai prwide a fluid corrv 
municating path between an axial bore 258 of tower sub 
250 and an annulus 146 (FIG. 3) defined by an external 
surface 260 of pressurization assembly 206. an internal 
surface of finer 122. tower packing assembly 202. and 
upper packing assembly 204. Conventional rupture 


cfeks 262a and 262b are preferably removably con- 
tained in ports 256a and 256b. respectively. When con- 
tamed h ports 256a and 256b, rupture disks 262a and 
262b create a fluid tight seal between the totertorofpres- 

5 surizatjon assembly 206 and annulus 146. A preferred 
rupture disk for rupture disks 262a and 262b is the disk 
sold by Oklahoma Safety Equipmonl Company (OS- 
ECO) of Broken Arrow, Oklahoma 
[DQ28] Although not shown In FIG. 6, other converv 

io uonal fluid bypass devices other than a rupture disk, 
such as a baJ drop circulating valve, an internal ores-, 
sure operated circulating valve, or other conventional 
circulating vaVe may be operatively coupled with ports 
256a and 256b. A preferred internal pressure operated 

18 circulating valve is the IPO Ckcu^ 

Bwrton Energy Services of Carrotton, Texas. AO of 
these tukJ bypass devices, txJudhg rupture c8sk» 262a 
and 262b, have a first mode of operation mat does not 
aDow fluid to ftow through ports 256a and 256b into an- 

*o nutya 146. and a second mode of operation that allows 
fluid to ftow through ports 256a end 256b into annulus 
146. 

[0020] Lower sub 250 also preferably includes ports 
264a and 264b. Each of ports 264a and 264b provide a 

2S fluid communicating path between the interior of pres- 
surization assembly 206 and annulus 146. Axial bore 
258 preferably has an annular shouktor 265 and threads 
267 disposed above ports 264a and 264b. 
[0030] Seating sub 254 preferably ndudee an artnu- 

30 tar supporting member 266 and an annutar. etastomehc 
sleeve 268 coupled to a tower end of supporting mem- 
ber 2G6. Sleeve 268 is preferably adhes>/ofy coupled to 
supporting member 266 along a portion 270 and shoul- 
der 272 of support rnember 266. When coupled togeth- 

* er. supporting member 266 and sleeve 268 define an 
axial bore 274 and an external surface 276. External 
surface 276 has an annular recess 278 proximate ports 
264a and 264b; a 5houtoer 290 for mating with ohouldor 
265 of tower sub 250. and an annular slot 282 above 

40 annutar recess 278. An o-rirtg 2S4 is disposed in stot 
282 and creates a fluid tight seal between seating sub 
254 and tower sub 250. In lie undetected position, as 
shown in FIG. 6, a tower end 286 of sleeve 268 creates 
a fluid tic/it seal against axial bore 258 of tower sub 250. 

45 [0031] Upper sub 252 preferably includes an axial 
bore 288. an external surface 290. and a tower end 292. 
External surface 290 preferably includes an annular 
shoulder 294 for mating wtth tower sub 250, an annular 
stot 296. and threads 298 for removably engaging 

60 threads 267 of tower sub 250. An o-ring 300 is disposed 
within annular stot 296 to create a fluid tight seat be- 
tween tower sub 250 and upper sub 25Z Lower end 292 
abuts support member 266 of sealing sub 254. 
[0032] Having described the structure of completion 

6& apparatus 200. the operation of cxxnpleUon apparatus 
200soastocomr^tejunctton100wiflriowbed 
in greater detail Referring to FIGS. 1 -6 in combination, 
after wiper plug 133 is landed at, and seals off. stage 
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comonthgkxi13a^ork»tmgl2BtepuQGdabovotop 
portion 134 of foer 122. Excess sealant within work 
string 12B and above top portion 134 of Iner122 Is men 
circulated out of the well. 

[0033] Next, work string 128 is run into liner 122 untfl 
00-90 sleeve 207 of tower packing assembly 202 con- 
tacts no-go shoulder 142 of finer 122. At this point a 
fluid tigjii seat is created between seal assembly 205 of 
tower packwgassernWy 202 arx^ 
tacte 144 of finer 122. Aflernatlvely. I packer 220isuti- 
fized as lower packing assembly 202. packer 220 is set 
lo create a fluid tight seat against finer 122. Also a! this 
poW. a fluid light seal la created between upper packing 
assembly 204 and Iner 122 ha manner substantially 
tknifer to that described Inwneolateiy above tor tower 
packing assembly 202. No-go shoulder 1 42 olllner 122 
la positioned wrrtn lateral weflbore 104 so that tower 
packing assembly 202 is located below window 120. 
and so mat upper packing assembly 204 is located 
above window 120. within Junction 100. 
[0034] When tower pocking asaembty 202 and upper 
packing assembly 204 use seal assemblies 205. the 
pressure on the drflfing mud, water, or other fluid already 
within annulus 146 will increase as tower packing as- 
sembly 202 and upper packing assembly 204 seal 
agartst liner 1 22. Before no-go sleeve 207 engages no- 
go shoulder 142. such an increase in pressure, applied 
across the differential areas of lower packing assembly 
202 and upper packing assembly 204. maycauaeahy- 
draulfc tack effect preventing further insertion of work 
stmg 128 into finer 1 22. In addition, when lower packing 
assembly 202 and upper packing assembly 204 use 
corrventional packers 220, a similar hydraulic lock oflect 
may create problems tor conventional packers 220 that 
employ a downward setting mooon. 
[0035] However, such an Increase in pressure b re- 
lieved by sealing sub 254 of pressurization assembly 
206 h the following manner. Due to the Increase h pres- 
sure, fluid enters ports 264a and 264b to the point where 
it nils annular recess 276. The pressure in annular re- 
cess 278 buiBs lo the point where tower end 286 of elas- 
tomeric sleeve 268 temporarBy deflects inwardly, un- 
sealing from axial bore 256 of tower sub 250 Such un- 
sealing aDowa fluid to ftow from annular recess 278 into 
the Interior of pressurization assembly 206, reducing the 
pressure ki annulus 1 46 and eliminating me above-de- 
scribed hydraulic lock problems. 
[0C36] Next, a fluid tight seal is created pmoomale the 
end of work string 128 below tower packing assembly 
202. Such a fluid tight seal is preferably formed using a 
wire-tk**p!ug.bypumpirKja 

or other conventional techniques. A preferred plug is the 
X-lockO Plug sold by HalBburton Energy Services of 
Carroltton, Texas. 

[0037] Next a fluid such as water or drfiHng mud » 
pumped down work string 1 28. Due to me fluid tight seal 
created by me plug at the end work string 128. me pres- 
sure within pressurization assembly 206 Is increased to 


me point where rupture disks 262a and 262b rupture. 
The rupturing of rupture disks 262a and 262b places me 
Wrartcrofrjressunzalk^ 

nication with annulus 146 via ports 256a and 256b. Al- 
5 tentatively; if a fluid bypass device other than rupture 
disks are utffized. such pressurization causes the fluid 
bypass device to enter its second nrxxie deration that 
allows flu id to flow through ports 256a and 256b to an- 
nulus 146. 

10 [00361 Next, me pressure wihin work string 128, and 
thus annulus 146. is preferably continuously and grad- 
ually hcreasod so as to ptastcaOy deform the portion of 
Iner 122 between tower packing assemb^r 202 and up- 
per padung axsernbty 204 rafalV outward toward win- 
is dow 120. main weltoore casing 106, and lateral weltxxe 
104. It wtl be appreciated that If a cementittous sealant 
or conventional cement Is used tor sealant 124 proxi- 
mate function 100. such deformation of iner 122 must 
occur before me cementitious sealant or cement hard- 
re ens. However, if an elastomeric sealant Is used for seal- 
ant 124 pmoomate junction 100. such deformation may 
occur before, or after, the elastomeric sealant hardens 
due to me ductility of me sealant 
[0039] Such deformation of liner 1 22 provides signif- 
25 cant advantages in the completion of junction 100. First 
as bner 122 is deformed radially outward, sealant 124 
in me portion of me annulus between liner 122. main 
weltxxe casing 106. and lateral welbore 104 within 
junction 100 is placed in compression. Such compres- 
30 sion provides a higher pressure rating for junction 100 
during subsequent completion or production operations 
in the multilateral well 

[0040] Second, because wirtdcw120»defined by 
intersection of cylindrical main weBbore casing 106 and 

3s generafiy cyttndneal lateral weUbore 104. window 120 
has a generally eUjptical shape, with a major axis gen- 
eraly parallel to me kxigituoTnal axis of man weflbore 
casing 106. Therefore, me outward deformation of liner 
1 22 works to dose the joints or gaps between liner 1 22 

40 and window 120 present at me top and bottom of win- 
dow 1 20. Such joint closure in turn minimizes teak paths, 
and thus leaks, within junction 100. In situations where 
me outward deformation of SneM 
to metal contact of finer 122 end window 120. it » prel- 

*s erabte to use a reinforced iner 122 to insure that any 
jagged or sharp edges on window 1 20 do not pierce liner 
122. 

[0041] Third, the outward deformation of Bner 122 in- 
creases the inner diameter of Bner 122. This increase in 

so rtner diameter results in a larger flow path for petroleum 
from lateral wetHxxe 104. increasing me productivity of 
the well This increase in rmer diameter also results in 
a larger clearance for downhole tools to enter and exit 
lateral weflbore 104 during subsequent completion or 

ss production operations. 

[0042] It will be appreciated that after liner 122 has 
been deformed radially outward via hydraulic pressure 
as described hereinabove, a second work string with a 
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sizing mandrel may optional/ be run down main wo&- 
bore casing 106 and through junction 100 to insurs ad- 
equate deformation of Oner 122. 
[0049] Referring now to FIG. 7. an enlarged, schemat- 
ic top sectional view of an alternate lateral bner 122a 
that may be used in connection with completion appa- 
ratus 200 is illustrated Lateral Iner 1 22a is kxmed with 
a grooved Internal surface 500 and a grooved external 
surface 502. Liner 1 22a thus preferaby hasa eross-sec- 
tion 504 resembling a bellows. The geometry c< grooved 
surfaces 500 and 502 facilitate the outward oetormation 
of Bner 122a at tower pressures. A tower pressure re- 
qulremem for the outward deformation of Bner 1 22a in 
turn reduces tie risk of failure of the seals created by 
tower packing assembly 202 and upper packing assem- 
bly 204. In edcfiuon, as compared to a irior win a gen- 
erally cyihdrfcal cross-section, Iner 122a provides a 
larger, expanded outer diameter from a smaller, unde- 
formedl run in outer diameter As shown In FIG. 7. 
grooved surfaces 500 and 502 preferably comprise 
grooves having a "shueotdal" cross-section. However, 
grooved surfaces 500 and 502 may alternatively com- 
prise grooves having a 'saw tooth", "square tooth", or 
other cross-sectional geometry. In addition, preferably 
only the portion of Ihor 122a between lower packing as- 
sembly 202 and upper packing assembly 204 is formed 
with grooved external surface 502, and the remainder 
of Iner 122a is formed with a generally cylindrical exter- 
nal surface. 

[0044] Referring now to FIG. 8, an enlarged, schemat- 
ic, croes^octional, view of a packing assembly 600 and 
a finer 602 according to a second, preferred ernbodi- 
ment of the present invention are shown disposed within 
function 100. Packing assembly 600 is prolerabV cou- 
pled to work string 128 above supporting mandrel 140. 
and packing assembly 600 preferably ha* a substantial- 
ly identical structure to upper packing assembly 204 of 
completion apparatus 200. Uner 602 is preferably com- 
prised of an upper section 604. a tower section 606, and 
a tool joint or other conventional coupling mechanism 
606 coupling upper section 604 and lower section 606. 
Alternatively. Bner 602 can be machined to have upper 
section 604 and lower section 606, wfthout the need for 
a coupling mechanism 606. 

[00451 If seal assembly 205 Is utilized tor packing as- 
sembly 600, finer 602 preferably Includes a polshed 
bore receptacle 610 located on the inner diameter of Bn- 
er 602 betow finer hanger 1 30. If packer 220 is used for 
packing assembly 600, polished bore receptacle 610 
may be eliminated, if desired 

[0046] As shown in FIG. 9 A, upper section 604 and 
tower section 606 are made from the same material or 
casing grade. By way of illustration only, both upper sec- 
tion 604 end tower section 606 may be made of casing 
grade API N-80. which has a yield strength of approxi- 
mately 80,000 psi (552 MPa). Upper section 604 pref- 
erably has a generally cylindrical axial bore 610 and a 
generally cylindrical external surface 61 2. Lower section 


606 preferably has a g^rteraiycylirxfricalaxialbore6l4 
a generally cyfindrical external surface 616. However, 
upper section 604 has a wall thickness 61 8 smaller than 
a wall thickness 620 of lower section 606. 
5 [0047] As shown in FIG. 96. upper section 604a pref- 
erably has a generafly cylindrical axial bore 61 0a and a 
generally cylindrical external surface 612a Lower sec- 
tion 606a has a generally cyfindrical axial bore 614a a 
generally cylindrical external surface 616a Upper soc- 
io tion 604a has a wafl Ihlcfcness 618a substantially iden- 
tical to a wafl thickness 620a of tower section 606a. 
However, upper section 604a and tower section 606a 
are made from different materials or casing grades. 
More specially, upper section 604a is made from a 
15 material or casing grade having a tower yieW strength 
than the material orcasingr/adeof lowwsoctkxi60^ 
By way of Wustratton only, upper section 604a may be 
made from casing grade AR K 55. which has a yield 
strength of approximately 55.000 psi (379 MPa). and 
so lower section 606a may be made of casing grade API 
N-80. which has a yield strength of approxknatefy 
60.000 psi (552 MPa). 

[0046] In FIG. 9 A, upper section 604 may also be 
made from a casing graders 
25 mat the casing grade used to make tower section 606. 
Although not shown m FIG. 9B. upper section 604a may 
also be formed with a smaller wall thickness 61 8a than 
wall thickness 620a of tower section 606a 
[0049] It is beOevedthat by varying the wafl thickness 
so anoVOr casing grade of upper section 604 relative to the 
wail thickness and/or casing grade of tower section 606, 
as descrbed hereinabove, the design of liner 602 may 
be optimized so that for a oven internal pressure, upper 
section 604 ptestieaOy deforms in a ratfafly outward di- 
ss rectioa and tower section 606 cVw not exhibit substan- 
tial racial deformation 

[0050] Having described the structure of packing as- 
sembly 600 and Bner 602. the operation of these appa- 
ratus so as to complete junction 100 will now be de- 

40 scr^ingreolerdetaa.ReferringtoFIGS.1.2,4.5.8. 
9A. and 9B in combination, after wiper plug 133 is land- 
ad at. and seals off. stage cementing tool 136. work 
string 128 is pulled above top portion 134 of Bner 602. 
Excess sealant within work string 128 and above lop 

4S portion 134 of liner 602 Is then circulated out of the weJ. 
|0061) Next, work string 128 town into iner 602 unta 
seal assembly 205 of packing assembly 600 creates a 
fluid tight seal against polished bore receptacle 610 of 
liner 602. An increase m pressure may be observed top 

so hole by conventional pressure measuring devices when 
seal assembly 205 is properly seated against po&shed 
bore receptacle 610. Alternatively, i packer 220 is uti- 
fized as packing assembly 600, packer 220 is set to cre- 
ate a fluid tight seal against liner 602 betow Oner hanger 

ss 130. 

[0062] Next a fluid such as water or drilling mud is 
pumped down work string 128. Due to the fluid tight seal 
created by packing assembly 600 against liner 602. fluid 
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eventually fills an of Sner 602 below .packing assembly 
600 down to wiper plug 1 33 waled in stage cam anting 
tool 138. The pressure within work string 128. and thus 
liner 602. is prslerabty continuously and gradually tv 
craased so as to plastically deform upper section 604 
radSafly outward toward window 120. the portion of main 
welboro casing 106 proximate window 120. and tha por- 
tion d lateral weflbore 104 proodrnate window 120. As 
ma deformation of upper section 604 occurs, tower sec- 
lion 606 preferably does not exhtxt substantial racial 
oeiormSiion. 

[0063] Such deformation of upper section 604 pro- 
vides substantially the same, significant advantages in 
the cornptetion of Junction 100 as deserved herein- 
above lor completion appejati» 2M^ In adcSticn. upper 
section 604 may be formed with an external surface 61 2 
simitar to pooved external surface 502 of na 7. 1 de- 
sired 

[0064] Referring now to FIG. 10. an enlarged, sche- 
matic top sectional view of an akemate lateral finer 700 
that may be used in connection with completion appa- 
ratus 200. or in the upper section 604 of iner 602. is 
illustrated Liner 700 has an interior cross-section 702 
made from steel, steel afloys. plastic, or other generally 
non-elastomerte materials ccnventionally used for later- 
al Ifrwrs. Interior cross-section 702 has an axial bore 
704. Uner 700 further has an exterior cross-section 706 
made from rubber or another conventional elastomeric 
material When finer 700 Is surrounded by sealant 1 24 
and plastically detormed as described hereinabove, ex- 
terior cross-section 706 insures an adequate seal of 
junction 100. Alternatively, finer 700 may be plastically 
deformed as described riereinabove but without the use 
of sealant 124 in certain completions In sucri compfe- 
uens. exterior croeenwetion 706 *se* sea* against win- 
dow 120. mato weflbore casing 106. and lateral weRxxe 
104. 

[0055] From the above, one skilled in the art wtB ap- 
preciate that the present invention provides improved 
apparatus and methods for completing wenbores. The 
present invention provides such improved completion 
without inhibiting the amount or rate of weD production, 
or substantially increas ing the coot or complexity of the 
completion of the weUbore. Significantly, the present in- 
vention allows the operations of running a lateral liner, 
•oaJiig a lateral Ik**, and plastically oWorming a lateral 
liner to be accomplished in a single downhoto trip. The 
apparatus and methods of ihe present invention are 
economical to manufacture and use In a variety c* down- 
hole applications. 

[0056] The present invention Is iflustrated herein by 
example, and various nxxfificalions may be made by a 
person of ordinary skJI In the art. For example, numer- 
ous geometries anaYor relative dmensions could be al- 
tered to accommodate specific applications of the 
present invention. As another example. aBhough the 
present frwenticn has been described in connection with 
the completion of a junction between a main weflbore 


and a lateral wcObore in a multilateral wefl, it is fuly ap- 
pfcabie to the conation of a junction between a taloraJ 
weObore and a second lateral wettxxe extending from 
the lateral weltoore. to completion operations performed 
5 h other portion* cf a lateral weDbore other than such a 
junction, to completion operations performed fci other 
portions of a main weUbore. to casing repair operations, 
or to window closures. 

(0067] It is thus befieved thai the operation and cen- 
ts struct ion of the present invention wSI be apparent from 
the foregoing desenption. White the method and appa- 
ratus shown or described has been characterized as be- 
ing preferred it wffl be obvious that various changes and 
mcdrficationa may be made. 

15 

Claims 

1. A completion apparatus for coupl ing to a wo* string 
20 (128) and tor use within a liner (122) of a wefbore. 

cornprfeng: a first packing assembly (202) tor ere- 
ating a fluid tight seal against Ihe Bner (122); a sec - 
cod packing assembly (204) for creating a second 
fluid tight seal against the liner (122); and a pras- 
es surizalcn assembly (206) disposed between the 
first and second packing assemblies (202.204). 

2. A completion apparatus according to claim 1. 
wherein fre pressuruation assembly (206) com- 

30 prises a port (256a, 256b) opening to an annutus 
(1 46) defined by the pressunzatkm assembly (206). 
Ihe bner(122X the first packing assembly (202), and 
the second packing assembly (204). 

as a. A completion apparatus according to claim 2. lur- 
ther comprising a fluid bypass device operatrvely 
coupled with the port <256a.256b) tor not allowing 
fluid cxxTvnurecation whh the annutus (1 46) in a first 
mode of operation, and tor allowing hydraulic pres- 

40 surizalion ot the annutus (146) tn a second mode cA 
operation. 

4. A completion apparatus according to daim 3. 
wherein Ihe pressurization assembly (206) com- 
45 prises a secorxl port f^64a^64b)arxj a sealing sub 
(254) operativety coupfed with the second port 
(264£u264b) tor relieving pressure in the annutus 
(1 46) when the first and second packing assembles 
(202,204) are sealed against the Bner (122). 

so 

6. A completion apparatus accortfing to claim 3 or 4. 
wherein the hydraulic pressurization of the annutus 
(146) causes a portion of the liner (122) between 
the first pocking assembly (202) and t>e second 
55 packing assembly (204) to deform in a redfe&y out- 
ward direction. 

6. A completion apparatus according to cfeum 3. 4 or 
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5, wtorein me fluid bypass device comprises a rup- 
ture disk (262a,262b) 

7. A completion apparatus according to any preceding 
claim, wherein the Sner (122) b adapted to be de- 
posed within a junction (100) between a main wefl- 
bore (102) and a lateral weflbore (104) in a multilat- 
eral well 

a A completion apparatus acxxxr^ to 

daim, wherein me first and second packing assem- 
bfiee (202,204) comprise seal assemblies that mate 
with poGshed bore receptacles (144) located in the 
finer (122). 

ft. A completion apparatus according to any preceding 
daim. wherein me first and second pacWngassem- 
bfies (202^04) comprise packers. 

10. A oompJetion apparatus according to any preceding 
daim, wherein at least a portion of the Iner (122) 
has grooved internal and external surfaces. 

11. A completion apparatus according to any preceding 
claim, wherein at least a portion of the liner (122) 
has an interior cross-section made from a generally 
non-elastomeric material, and an exterior cross- 
section made from a generally eiastomeric material. 

12. A completion apparatus according to any prececfing 
daim. wherein the weJtxxe is a lateral weflbore 
(104). 

13. A method of completing a weUbore, comprising the 
steps of: deposing a iner (122) in a weUbore; cou- 
pling a Brst packing assembly (202). a pressurfea- 
tton assembly (206), and a second packing assem- 
bly (204) to a work string (128); running the work 
string (126) into the liner (122): creating a fluid tight 
seal between the first packing assembly (202) and 
the liner (122); creating a fluid tight seal between 
the second packing assembly (204) and the liner 
(122): pumping fluid down the work string to the 
pressurizalion assembly (206); utilizing the pree- 
surttation assembly (206) and the fluid to pressu- 
rize an armulus (1 46) defined by the pressurizalion 
assembly (206), the Hner (1 22). the first packing as* 
eombty (202). and the second packing assembly 
(204); and increasing a pressure in the annutus 
(1 46) so as to detorm the iner (1 22) in a radially 
outward direction. 

14. A method according to daim 13. wherein the utilz- 
tng step comprises actuating a fluid bypass device 
in the pressurization assembly (206) to provide a 
fluid communicating path between an interior of the 
pressurization assembly (206) and (he annutus 
(146). 


15. A method according to daim 13 or 14, wherein the 
first and second packing assemblies (20Z204) 
comprise seal a&sembaes that mate with polished 
bore receptacles ( 1 44) located in the finer (1 22). 

5 

16. A method according to daim 1 3, 14 or 15. whoren 
the first and second packing assembSe3 (202,204) 
comprise packers. 

to 17. A method according to daim 13, 14, 15 or 16, 
wherein at least a portion d the liner (122) has 
grooved internal and external surfaces. 

IflL A method eccoromg to any one d claims 13 to 17. 
'* further comprising the step d ftuJoTy sealing the 
work strfag ( 1 29) proximate the first pecking assem- 
bly (202). 

10. AmethodeccordrigtoanyoneddBirm I3to 18. 
so wherein the stop of disposing tho Bner (122) com- 
prises: coupling the ftner (1 22) to an end of the work 
string (128); and running the work string (120) Into 
the weUbore. 

2S 20. A method eccorolng lo claim 1 9. further comprising 
the step d disposing a sealant (124) in a second 
armulus defined by the liner (1 22) and the weflbore . 

21. A method according lo claim 20 wherem the step d 
so disposing sealant ( 1 24) comprises pumping seaterrt 

through the work string (129), the second packing 
assembty (204), the pressurization assembly (206), 
the first paddng assembly (202), and the Iner (122), 
and into the second armulus. 

35 

22. Arnethodaccc*c%igtoanycneddalms 13 to 21, 
wherein at least a portion d the Bner (122) has an 
interior cross-eedion made from a generally non- 
etastomeric material, and an exterior cross-section 

40 made from a generally eiastomeric matartaL 

23. A method according to any one d claims 13 to 22. 
wherein the disposing step comprises disposing the 
sner (122) in a junction (100) between a main wett- 

45 bore (102) and a lateral weflbore (104). 

24. A method according to claim 23, wherein the run- 
ning step comprises running the work string (128) 
into the liner (122) untB the first packing assembly 

so (202) is disposed after the junction (100) and the 
second packing assembly (204) is disposed before 
the junction (100). 

25. A method d completing a welbors. comprising the 
55 steps of: cOsposmg a liner (602) in a wef bore, the 

liner (602) having a first section (604) and a second 
section (606). the first section (604) being deform- 
abte in a radially outward direction at a tower pros- 
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euro than the second section (606); coupling a 
packing assembly (600) toa work string (126); run- 
ning ma work string (128) into the liner (128); ere- 
ating a fluid tight sea) between the packing assem- 
bly and !h e inet (602); pumping flub down the work 
string (129) to pressurize an interior of the finer 
(602) after tie packing assembly (600); and in- 
creasing a pressure in the interior of the (her (602) 
to as to deform the first section (604) of the Bner 
(602) in a racSaOy outward direction. 

26. A method according to claim 25, whereb the first 
section (604) and the second section (604) are 
made from an identical casing grade, and the first 
•action (604) ha* a smafisr wall thickness than the 
second section. 

27. A method according to claim 25, where h the first 
section and the second section (604.606) have an 
identical wall thickness, too first section (604) is 
made from a first casing grade, and the second sec- 
tion (606) is rr^ from a secc^ casing c^c^ hav- 
ing a yieW strength higher than the first casing 
grade. 

28. A method according to claim 25, wherein: the first 
section (604) is made from a first casing grade and 
has a first wall thickness; and the second section 
(606) is made from a second casing grade having 
a higher yield strength than the first casing grade, 
and the second section (606) has a second wan 
thickness greater than the first waO thickness. 

20. Arnethodaccccd^toanyoneof clams25to2a 
wherein the packing assembly (600) comprises a 
seal assembly lhat mates wtlh a poished bore re- 
ceptacle (610) located in the Bner (600). 

30, A method according to any one of claims 25 to 29. 
wherein the packing assembly (602) comprises a 
packer. 

31. A method according to any one of daims 25 to 30. 
wherein at least a portion of the first section (604) 
of the Oner (602) has grooved Internal and external 
surfaces. 

3Z Amethcdaccwdmgtoanyoneof daims 25 fc>31, 
wherein the step of disposing the liner (602) com- 
prises: coupling the Uner (602) to an end of the work 
string (128), and running the work string (128) into 
the weiibore. 

33. Amethodaccwolngtoanyoneofcl^ 

furthef comprising the step of Disposing a sealant 
(124) in an annulus defined by the liner (602) and 
the weBbore. 


34. A method according to dakn 33, wherein the step 
of cSsposJng sealant (1 24) oomprtses purnping seal- 
ant through the work string (1 28). the packing as- 
sembly (600). and the Sner (602). and into the an- 

5 nukts. 

35. A method according to any one of claims 25 to 34, 
wherein the first section (604) has an interior cross- 
section rnado Irom a generally non-eJastomeric ma- 

to terial, and an exterior cross-section made from a 
generally elastomer* material. 

36. An^thodaccc^gtoanyoneof dabns25to35. 
whereki the disposing stop compnsos opposing the 

bore (1 02) and a lateral weSbore (1 04) so that the 
first section (604) extends throughout the Junction 
(100). 

20 37. a method according to claim 36, wherein the rtm- 
nfcg step comprises running the work string (1 28) 
rrto the liner (602) unti the packing assembly (600) 
is disposed before the junction (600). 
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